Novel polymerizable surfactants with pH-sensitive amphiphilicity and cell membrane disruption for efficient siRNA delivery.
Small interfering RNA (siRNA) is a promising new therapeutic modality that can specifically silence disease-related genes. The main challenge for successful clinical development of therapeutic siRNA is the lack of efficient delivery systems. In this study, we have designed and synthesized a small library of novel multifunctional siRNA carriers, polymerizable surfactants with pH-sensitive amphiphilicity based on the hypothesis that pH-sensitive amphiphilicity and environmentally sensitive siRNA release can result in efficient siRNA delivery. The polymerizable surfactants comprise a protonatable amino head group, two cysteine residues, and two lipophilic tails. The surfactants demonstrated pH-sensitive amphiphilic hemolytic activity or cell membrane disruption with rat red blood cells. Most of the surfactants resulted in low hemolysis at pH 7.4 and high hemolysis at reduced pH (6.5 and 5.4). The pH-sensitive cell membrane disruption can facilitate endosomal-lysosomal escape of siRNA delivery systems at the endosomal-lysosomal pH. The surfactants formed compact nanoparticles (160-260 nm) with siRNA at N/P ratios of 8 and 10 via charge complexation with the amino head group, lipophilic condensation, and autoxidative polymerization of dithiols. The siRNA complexes with the surfactants demonstrated low cytotoxicity. The cellular siRNA delivery efficiency and RNAi activity of the surfactants correlated well with their pH-sensitive amphiphilic cell membrane disruption. The surfactants mediated 40-88% silencing of luciferase expression with 100 nM siRNA and 35-75% with 20 nM siRNA in U87-luc cells. Some of the surfactants resulted in similar or higher gene silencing efficiency than TransFast. EHCO with no hemolytic activity at pH 7.4 and 6.5 and high hemolytic activity at pH 5.4 resulted in the best siRNA delivery efficiency. The polymerizable surfactants with pH-sensitive amphiphilicity are promising for efficient siRNA delivery.